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Single crystals of the title heterometallic compound, 
[Fe(C 12 H 8 N 2 ) 3 ][Cr(NCS)4(C 12 H 8 N 2 )] 2 -3CH 3 CN-H 2 0 or 
[Fe(Cphen) 3 ][Cr(NCS) 4 (phen)] 2 -3CH 3 CN-H 2 0, were pre- 
pared using the one -pot open-air reaction of iron powder, 
Reineckes salt and 1,10-phenanthroline (phen) in acetonitrile. 
The asymetric unit consists of an [Fe(phen) 3 ] 2+ cation, two 
[Cr(phen)(NCS) 4 ]~ anions, three acetonitrile solvent mol- 
ecules and a water molecule. The Fe and Cr atoms both show a 
slightly distorted octahedral FeN 6 and CrN 6 coordination 
geometry with adjacent angles in the range 79.67 (12)- 
95.21 (12)°. No classical hydrogen bonding involving the 
water molecule is observed. 

Related literature 

For background to direct synthesis, see: Makhankova (2011). 
For background to the use of Reineckes salt as a source of 
building blocks or metalloligands, see: Zhang et al. (2001); 
Cucos et al. (2006); Cherkasova & Gorunova (2003); Nikitina 
et al. (2009); Kolotilov et al. (2010). For Fe-N bond lengths in 
iron-phen derivatives, see: Alonso et al. (2005). For a related 
structure, see: Semenaka et al. (2011). 



Experimental 

Crystal data 

[Fe(C 12 H 8 N 2 ) 3 ][Cr(NCS) 4 - 

(C 12 H 8 N 2 )] 2 -3C2H 3 N-H 2 0 
M r = 1666.69 
Triclinic, PI 
a = 12.641 (2) A 
b = 16.681 (3) A 
c = 20.692 (4) A 
a = 111.514 (5)° 

Data collection 

Bruker APEXII CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2005) 
= 0.847, T max = 0.916 

Refinement 

R[F 2 > 2a(F 2 )] = 0.051 
wR(F 2 ) = 0.135 
S = 0.99 

15519 reflections 
974 parameters 
3 restraints 



P = 107.291 (6)° 
y = 92.231 (5)° 
V = 3821.5 (13) A 3 
Z = 2 

Mo Ka radiation 
jtt = 0.75 mm -1 
T = 173 K 

0.23 x 0.22 x 0.12 mm 



48046 measured reflections 
15519 independent reflections 
8993 reflections with / > 2a(I) 
R in . = 0.078 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.43 e A~ 3 

A,o m i„ = -0.44 e A~ 3 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXS97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: publCIF (Westrip, 2010). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RU2031). 
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Tris(1,10-phenanthroline-/f 2 N r N f )iron(ll) bis[(1,10-phenanthroline-A; 2 /V,/V f )tetra- 
kis(thiocyanato-K-N)chromate(lll)] acetonitrile trisolvate monohydrate 

ValentynaV. Semenaka, OksanaV. Nesterova, Volodymyr N. Kokozay and Volodymyr V. Bon 

Comment 

Recently we have reported that the Reineckes salt, (NH) 4 [Cr(NCS)4(NH 3 )2] H 2 0, could be exploited as a source of 
building blocks or metalloligands in the direct synthesis of heterometallic Cu/Cr and Co/Cr compounds with amines and 
Schiff-base ligands (Nikitina et al. ., 2009; Semenaka et al. ., 20 1 1 ). In the present work, we report that the reaction of iron 
powder, Reineckes salt and 1,10-phenanthroline (phen) in acetonitrile solution has afforded a single crystals of the novel 
heterometallic Fe/Cr compound. The asymetric unit of title compound consists of slightly distorted octahedral 
[Fe(phen) 3 ] 2+ cation and two [Cr(phen)(NCS) 4 ]" anion blocks as well as solvate acetonitrile and water molecules (Fig. 1). 
In complex cation iron centers are in elongated octahedral coordination environment with six nitrogen atoms phen 
ligands. The bond lengths of Fe-N vary in the range 1,959 (3) - 1,980 (3) A which is in the range usually found in other 
iron-phen derivatives (Alonso et al, 2005). The cis and trans N-Fe-N bond angles vary from 82,27 (12)° to 95.21 (12)° 
and from 172.90 (12)° to 174.04 (11)°, respectively. The Cr(III) ions have N6 donor set formed by two N atoms from 
phen, which are replaced NCS groups in initial anions of Reineckes salt, and two NCS-groups in the equatorial plane and 
by two another NCS-groups at the axial positions. The axial Cr-N bond lengths are vary from 1,962 (3) to 2,077 (3) A. 
The cis and trans N-Cr-N bond angles vary from 79,80 (11)° to 94,97 (12)° and from 170,61 (12)° to 174,77 (12)°, 
respectively. The thiocyanate groups are almost linear, bond angles N-C-S are in a narrow range: from 178.1 (3) ° to 
179.3 (4)°. 

Experimental 

Iron powder (0.07 g, 1.25 mmol), NH 4 [Cr(NCS)4(NH 3 ) 2 ] H 2 0 (0.443 g, 1.25 mmol), NH 4 NCS (0.190 g, 2.5 mmol), 
phenH 2 0 (0.496 g, 2.5 mmol) and acetonitrile (15 ml) were heated to 50-60° and stirred magnetically until total 
dissolution of the iron was observed (4,5 h). The resulting red solution was slowly evaporated at room temperature until 
dark-red crystals suitable for crystallographic study were formed. The crystals were filtered off, washed with dry Pr'OH 
and finally dried in vacuo at room temperature. Yield: 0.25 g. IR (KBr, cm 1 ): 3048(sh), 3044(sh), 2314(w), 2066(us'), 
1996(sh), 1645(sh), 1638(sh), 1635(m), 1599(m), 1578(m), 1554(sh), 1536(w), 1521(m), 1494(sh), 1472(sh), 1455(sh), 
1424(5), 1409(sh), 1373(w), 1307(w), 1271(w), 1256(sh), 1223(sh), 1207(w), 1144(tm), 1102(m), 1057(sh), 1039(sh), 
990(m), 960(w), 942(sh), 915(sh), 876(w), 870(sh), 843(s), 798(m), 771(w), 737(sh), 719(s), 668(sh), 656(w), 620(w), 
581(sh), 557(w), 626(w), 568(sh), 481(m), 451(sh), 433(w), 427(sh). The compound is sparingly soluble in dmso and 
dmf, insoluble in water and it is indefinitely stable in air. 

Refinement 

All non-hydrogen atoms were located from the initial solution and refined with anisotropic thermal parameters. The 
hydrogen atoms were positioned geometrically and included into refinement using riding model approximation with £/ iso 
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= nUeq of non-hydrogen carrier atom (n = 1.5 for CH 3 groups and n = 1.2 for remaining H-atoms) 
Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Broker, 2005); data reduction: SA INT (Bruker, 2005); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHEIXS97 
(Sheldrick, 2008); molecular graphics: PIATON (Spek, 2009); software used to prepare material for publication: publCIF 
(Westrip, 2010). 



Figure 1 

Crystal structure of the complex, showing the atom numbering, with 50% probability displacement ellipsoids. Solvent 
molecules are omitted for clarity. 

Tris(1 ,1 0-phenanthroline-/^iV,iV')ii'on(ll) bis[(1 ,1 0-phenanthroline-K^N,NOtetrakis(thiocyanato- 
K-iV)chromate(lll)] acetonitrile trisolvate monohydrate 




C22 



C23 



Crystal data 



[Fe(C 12 H 8 N 2 ) 3 ] 

[Cr(NCS) 4 (Ci 2 H 8 N 2 )] 2 -3C 2 H 3 N-H 2 0 
M T = 1666.69 
Triclinic, PI 



Z=2 

P(000) = 1704 

D x = 1.448 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4485 reflections 



a = 12.641 (2) A 
& = 16.681 (3) A 
c = 20.692 (4) A 
a= 111.514(5)° 
£= 107.291 (6)° 
y = 92.231 (5)° 
V= 3821.5 (13) A 3 



9 = 2.3-21.7° 
H = 0.75 mnT 



T= 173 K 
Block, red 

0.23 x 0.22 x 0.12 mm 
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Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2005) 
T mm = 0.847, r max = 0.916 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2a(F 2 )] =0.051 
wR{F 1 ) = 0.135 
5=0.99 

15519 reflections 
974 parameters 
3 restraints 

Primary atom site location: structure-invariant 
direct methods 



48046 measured reflections 
15519 independent reflections 
8993 reflections with/> 2a(T) 
R mt = 0.078 

#max = 26.4°, 9 min =1.1° 

^ = -15— >15 
k= -20^20 
/ = -25^25 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[o\F 2 ) + (0.0572P) 2 + 0.0054P] 

where P = (F 2 + 2F 2 )/3 
(A/a) max < 0.001 
A/w = 0.43 e A" 3 
A/w = -0.44 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating iJ-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11 *IJJ 


Crl 


0.27228 (5) 


0.11974 (4) 


0.24479 (4) 


0.03091 (17) 


Cr2 


0.65438 (5) 


0.31815 (4) 


0.08754 (3) 


0.02873 (16) 


Fel 


0.21655 (4) 


0.67016 (4) 


0.34300 (3) 


0.02632 (14) 


SI 


0.27329 (12) 


0.22111 (9) 


0.49075 (7) 


0.0579 (4) 


S2 
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-0.17085 (8) 
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0.0536 (3) 


S3 
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0.06152 (8) 
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0.0531 (3) 


S4 
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0.0530 (3) 


S5 


0.77068 (12) 
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0.0604 (4) 


S6 
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0.07691 (8) 
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0.0441 (3) 
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0.07321 (7) 


0.0491 (3) 


S8 


1.02840 (9) 
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0.08940 (7) 


0.0451 (3) 


Nl 


0.2488 (3) 


0.1575 (2) 


0.3417 (2) 


0.0376 (9) 


N2 


0.2035 (3) 
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0.0371 (9) 


N3 


0.4240 (3) 


0.0943 (2) 
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0.0356 (8) 


N4 


0.3298 (3) 


0.2410(2) 


0.26495 (18) 


0.0358 (8) 


N5 


0.6900 (3) 


0.3873 (2) 


0.1943 (2) 


0.0371 (9) 
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Atomic displacement parameters (A 2 ) 



IP_ LP IP IP LP U 23 
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Cr2 0.0239 (3) 0.0303 (4) 0.0328 (4) 0.0069 (3) 0.0082 (3) 0.0142 (3) 
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0.023 


/■OA 
k 2j 


A A/1 A 

0.040 


p ) 


A AAOO I A OA 

0.002s (is) 


A AAO /OA 

0.00s (2) 


A A 1 C 

0.013 


/■OA 

(2) 


L29 


0.029 


k 2) 


A AOA 

0.020 


/o \ 
k 2) 


A AOA 

0.030 


/o\ 

[2) 


A A AO C / 1 1\ 

0.0035 (17) 


A AAA /I / 1 A A 

0.0094 (19) 


A A 1 1 1 

0.011] 


/ 1 AA 

(19) 


p • o n 
C30 


0.023 


/OA 

y Z) 


0.033 




A A/1 O 

0.049 


/OA 

k 3 j 


A AAAC I A OA 
0.0003 (19) 


A AAO /OA 

0.009 (2) 


A A 1 1 

0.01 / 


/■OA 

(2) 


/~<o 1 

1 


A AQO 


/oa 

K Z ) 


A A/1 0 
U.U42 


k 3 J 


n aco 
U.U3Z 


k3 7 


A a 1 o /o\ 
U.Ulz (Z ) 


A AO/1 /OA 
U.UZ4 (Z ) 


A AOO 
U.Uzz 


(2) 


Lo2 


a nn 
0.032 


/oa 
k 2) 


A ai/; 
0.03o 


K J ) 


A till 

0.033 


k 2 ) 


A AACC 1 \ OA 

0.0033 (19) 


A A1 0 /OA 

0.013 (2) 


A A 1 1 

0.01 1 


/"OA 

(2) 


C33 


a mi 

0.027 


k 2) 


A AO A 

0.039 


(3) 


A A A 1 

0.041 


/o \ 

(3) 


A AAO /OA 

-0.003 (2) 


A AAO" /OA 

0.007 (2) 


A AAO 

0.003 


/OA 

(2) 


C34 


A AOO 

0.029 


/OA 

k 3) 


0.0o3 


(A \ 


a An 
0.032 


/o\ 
k 3 ) 


A AA1 /OA 
0.001 (2 ) 


A AA 1 /OA 
0.001 (2) 


A AA 

—o.oo 


L (3) 


C35 


A AQQ 


/oa 


A AQO 


//l ~i 
k 4 J 


n aia 
U.UjU 


K j ) 


A AOO /OA 

U.uzz (j ; 


A AAO /OA 

u.uuy (z) 


A A 1 £* 
U.UlO 


(3) 


p • t 
C36 


A AO A 
0.039 


/OA 
J>) 


A AC C 

0.033 


(3) 


A A*5 1 

0.033 


(3) 


A A1 A /OA 

0.019 (2) 


A A1 O /OA 

0.012 (2) 


A A 1 A 
0.014 


/OA 

(2) 


C37 


0.031 


[2) 


0.033 


(3) 


0.031 


3) 


A A1 A/" /1 A\ 

0.0106 (19) 


A A 1 T A / 1 A\ 

0.0139 (19) 


0.011 


/o\ 

(2) 


C38 


A A/C 1 

0.061 


/o a 
,i) 


A CiH A 

0.064 


[4 J 


A A/1 C 

0.045 


/o \ 

(3j 


A AT T /T \ 

0.033 (3j 


A AOA / T \ 
0.020 (3) 


A AO C 

0.033 


/T A 

(3) 




0.0 /z 


t A \ 
k 4 j 


A AC 1 


^3 J 


A AC./I 

0.054 


^o.\ 
13 ) 


O.OZO \5 ) 


0.0Z / {J) 


a noo 


/0.A 

(3) 


p • 1 n 

L40 


A A^O 

0.05V 


/OA 

k 3 J 


A A1 £ 

0.03b 


k 3 J 


A A1^ 

0.036 




a An ^0\ 

0.013 (2) 


A ATI /o^ 
0.023 (2) 


A A 1 H 
0.01 / 


/OA 

(2) 


PHI 

L41 


A AT A 

0.034 


k 2) 


A AT A 

0.030 


/o\ 

k 2) 


A AOA 

0.029 


/o\ 

(2) 


A A A A 1 i 1 A \ 

0.0047 (19) 


A A 1 T A ( 1 A\ 

0.0134 (19) 


A A 1 O 

0.012 


f r -\\ 

(2) 


C42 


A ATA 
0.0/0 


/OA 
k 3) 


A A1 1 

0.031 


(3) 


A A/1 O" 

0.04/ 


/o \ 

(3) 


A AAO /OA 

—0.003 (2) 


A AO C /T A 

0.025 (3) 


A A 1 O 

0.012 


/OA 

(2) 


C43 


A AC O 
0.038 


/O A 
k 3) 


A A*5 -1 

0.034 


(3) 


A AT T 
0.033 


(3) 


A A 1 1 /OA 

—0.011 (2) 


A AAO /OA 

0.008 (2) 


A AAO 

0.008 


/OA 

(2) 


f ' A A 

C44 


A A/I A 

0.044 


/OA 
,3 ) 


a mo 
0.029 


k 3) 


A A10 

0.032 


/o^ 

k 2 ^ 


A AAC /OA 

—0.003 (2) 


A AAO /0\ 

0.009 (2) 


0.007 


(2) 


f ' A £ 

C45 


0.036 


(3) 


0.026 


'2) 


0.061 


/o \ 

(3) 


A AA/"A / 1 A\ 

0.0069 (19) 


A AO"7 /ON 

0.027 (2) 


0.016 


(2) 


CA £ 

C4o 


A AC 1 

0.0M 


/OA 

k 3 ) 


A A1 1 

0.03 1 


K J ) 


A AO/1 

0.094 


k 4J 


A A1 1 /0^ 

0.013 (2) 


A A/1 Q (1\ 

0.04o (3) 


0.023 


(3) 


/""MO" 

C4 / 


A AOA 

0.080 


t A \ 

.4) 


A AO O 

0.02s 


(3) 


A AOO 
0.050 


V 4J 


A A 1 1 
0.011 (3) 


A A£T ( A \ 

0.06/ (4) 


0.017 


(3) 


C A O 

C4s 


0.066 


/OA 
k 3) 


A AO "7 

0.02 / 




A AC C 

0.055 


/T A 

(3) 


A AA/1 /OA 

0.004 (2) 


A A/1 1 /T\ 

0.041 (3) 


0.012 


(2) 


C49 


A A A A 

0.049 


.3) 


A A 1 C 

0.015 


k 2) 


A AT n 

0.039 


/T \ 

(3) 


A A AT O / 1 A\ 

0.0032 (19) 


A AO/T ZO\ 

0.026 (2) 


0.0084(19) 


pen 

C50 


A 1 C\£. 

0.106 


,5) 


A A A T 

0.043 


(3) 


A AC C 

0.055 


i A\ 

(4) 


A A 1 1 /T \ 

0.011 (3) 


A AC T / A\ 

0.053 (4) 


0.014 


(3) 


1 

CM 


0.116 


/ca 

p) 


A AT. T, 
0.03Z 


(3J 


A AT C 

0.035 


\$) 
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0.002 (3) 


A AT O 

0.032 (3) 


0.007 


(2) 


C52 


a nnn 
0.0/9 


t A A 

.4) 


A AO 1 

0.0Z1 


[1) 


A AT 1 

0.031 


(3) 


A AAC ZO\ 

—0.005 (2) 


A A 1 O / T \ 

0.012 (3) 


0.007 


(2) 


C33 
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0.05 1 


/OA 

k 3) 


A AOA 
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/■OA 


A A1 ^ 
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A AAO /O 1 * 
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A A 1 O /'OA 
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0.009 
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C34 
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0.041 


/o \ 
(3J 


A AA/I ZO\ 
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jn 19 


A 1 AA /C \ 

0.100 (j ) 


0.093 (4 J 


0.0 / / (4) 


A AAA (A \ 

0.000 (4) 


A ACO f A \ 

(J.Ujz (4) 


A A 1 1 /T\ 
U.U1 1 (3 ) 


v. u y 


\j.\JHy yj ) 


W.WOo {H- ) 


U.WVo J 




U.UZj ) 




C74 


0.106 (6) 


0.053 (4) 


0.079 (4) 


-0.007 (4) 


0.065 (5) 


0.006 (3) 


C75 


0.132 (6) 


0.056 (4) 


0.161 (7) 


0.021 (4) 


0.109 (6) 


0.032 (4) 


C78 


0.165 (7) 


0.057 (4) 


0.101 (5) 


-0.020 (4) 


0.084 (5) 


0.011 (4) 


C77 


0.053 (3) 


0.069 (4) 


0.034 (3) 


-0.014 (3) 


0.013 (2) 


0.005 (3) 


01 


0.305 (13) 


0.339 (13) 


0.093 (5) 


0.207 (11) 


0.040 (7) 


0.076 (9) 


Geometric parameters (A 


") 










Crl— N4 




1 A/TA 

i.9oy (J) 




C2 / — Hz / 




A ACAA 


Crl— N3 




1.975 (3) 




C28 — C30 




1 1 A O /r\ 

1.398 (5) 


Crl— N2 




1.978 (4) 




C28 — C29 




1 yl AT /f \ 

1.407 (5) 


Crl— Nl 




1 aoz: / a\ 

1.986 (4) 




L30 — C31 




1.363 (6) 


Crl— N10 




2.064 (3) 




niA T TT A 

C30 — H30 




A A C A A 

0.9500 


Crl— N9 




2.066 (3) 




C31 — C32 




1.393 (5) 


Cr2— N7 




1.963 (3) 




C3l — H3l 




0.9500 


Cr2— N5 




1.977 (4) 




C32 — H32 




A A C A A 

0.9500 


Cr2— N8 




1 no a /") \ 

1.984 (3) 




C33 — C34 




1.392 (6) 


Cr2— N6 




1 a a a /">\ 

1.999 (3) 




C33 — H33 




A ACAA 

0.9500 


Cr2— N12 




2.071 (3) 




C34 — C35 




1.361 (6) 


Cr2— Nil 




1 A*70 

2.078 (3) 




C34 — H34 




A ACAA 

0.9500 


Fel— N16 




1.959 (3) 




C35 — C36 




1.402 (6) 


Fel— N15 




1 rv"7 ^ /i\ 

1.972 (3) 




C35 — H35 




0.9500 


Fel— N13 




1.976 (3) 




C36 — C37 




1 O A A /C\ 

1.399 (5) 


Fel— N18 




1 Ann \ 

1.977 (3) 




C36 — C38 




1.423 (6) 


Fel— N17 




1.9/8 (3) 




C3 / — C41 




1.4z5 (5) 


Fel— N14 




1.978 (3) 




C38 — C39 




1.342 (6) 


SI— CI 




1 £ 1 c /c\ 

1.615 (5) 




C38 — H38 




A ACAA 

0.9500 


S2— C2 




1.616 (4) 




C39 — C40 




1 A ^ A / f\ 

1.424 (6) 


S3— C3 




1 /TAO SA\ 

1.608 (4) 




C39 — H39 




A ACAA 

0.9500 


S4— C4 




1.606 (4) 




C40 — C41 




1.395 (5) 


S5— C5 




1.619 (5) 




C40 — C42 




1.410 (6) 


S6— C6 




1.623 (4) 




/~i /i r\ pi/I') 

C4z — C43 




1.357 (6) 


S7— C7 




1.612 (4) 




C4z — H42 




A ACAA 

0.9500 


S8— C8 




1.616 (4) 




L43 — C44 




1.382 (5) 


Nl— CI 




1.168 (5) 




C43 — H43 




0.9500 


N2— C2 




1.153 (5) 




C44 — H44 




A ACAA 

0.9500 


N3— C3 




1.163 (5) 




C45 — C46 




1.397 (6) 


N4— C4 




1 1 £.£ /C\ 

1.166 (5) 




C45 — H45 




A ACAA 

0.9500 


N5— C5 




1.163 (5) 




C46 — C47 




1.366 (7) 


N6— C6 




1.166 (5) 




C46 — H46 




A ACAA 

0.9500 


N7— C7 




1.1 o(J (5) 




C4 / — C48 




1.396 (/) 


N8— C8 




1.166 (5) 




C47 — H47 




0.9500 


N9— C9 




l.jle (5) 




C4s — L4y 




I.jVo (o) 


N9— CI 3 




1.359 (5) 




C48— C50 




1.437 (7) 


N10— C20 


1.324 (5) 




C49— C53 




1.412(6) 


N10— C17 


1.364 (5) 




C50— C51 




1.330(7) 


Nil— C21 




1.324 (5) 




C50— H50 




0.9500 


Nil— C25 




1.368 (5) 




C51— C52 




1.432 (7) 
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JN 12 — C32 


1.324 (5) 


N12 — C29 


1 1 /I /C \ 

1.364 (5) 


xti ■*? 

N13 — C33 


1.335 (5) 


xti i r^m 

N13 — C37 


1.366 (5) 


XT 1/1 Z"" 1 A A 

JN14 — C44 


1 1 1 A ZC\ 

1.334 (5) 


XT 1/1 Z"" 1 /I 1 

N14 — C41 


1.361 (5) 


XT 1 C rijf 

N15 — C45 


1.327 (5) 


XT 1 C Z" 1 A A 

N 1 5 — C49 


1.370 (5) 


xti z; r^ztz 
JN lo — Coo 


1 TOT /fN 

1.32 / (d) 


xt 1 n r^c~) 

N16 — C53 


1.370 (5) 


N17 — C57 


1 -f> A /C\ 

1.334 (5) 


xt n f ' s. i 

N17 — Col 


1 I ZTO /f\ 

1.363 (5) 


XT 1 O ri/;o 

N 1 8 — C68 


1.335 (5) 


N18 — C65 


1.368 (5) 


C9 — CIO 


1.393 (6) 


C9 — H9 


A flCAA 

0.9500 


pin n 1 

CIO — Cll 


1 ni pzc\ 
1. 3 / J (6) 


rii /i Tii a 

CIO — HID 


0.9500 


Cll — C12 


1.395 (6) 


Cll — Hll 


0.9500 


Clz — C13 


1.4U3 (5) 


C12 — C14 


1.427 (6) 


C13 — C17 


1 /111 / C \ 

1.422 (5) 


C14 — C15 


1.347 (6) 


pi 1 TJ 1 A 

C14 — H14 


a acaa 
U.95UU 


C15 — C16 


1 A A ^ / C \ 

1.442 (5) 


C15 — H15 


0.9500 


C16 — C18 


1.386 (5) 


C16 — C17 


1 inn pc\ 

1.399 (5) 


/—i 1 o f ^ 1 a 

C18 — C19 


1.364 (6) 


/-i -1 o T T 1 O 

C 1 8 — H 1 8 


0.9500 


C19 — C20 


1.400 (5) 


P 1 Pi TT1 n 

C19 — H19 


a ncA/i 

0.9500 


C20 — H20 


0.9500 


C21 — C22 


1.398 (6) 


/~i'i i in 1 

Czl — H21 


A A C A A 

0.9500 


P" "1 "1 pT) 

C22 — C23 


1.367 (6) 


C22 — Hzz 


A ACAA 

0.9500 


C23 — C24 


1 irn /zi\ 

1.392 (6) 


C23 — H23 


pv Aran 

0.9500 


Cz4 — CzJ 


1 .4UJ (_>) 


C24— C26 


1.433 (6) 


C25— C29 


1.414(5) 


C26— C27 


1.348 (6) 


C26— H26 


0.9500 


C27— C28 


1.439 (6) 



N4— Crl— N3 93.08 (13) 

N4— Crl— N2 174.49 (14) 



C51 — H51 


A ACAA 

0.9500 


C52 — C54 


1.397 (7) 


C52 — C53 


1.403 (6) 


C54 — C55 


1.362 (6) 


/"' r a t T C A 

C54 — H54 


0.9500 


C55 — C56 


1.394 (6) 


C55 — H55 


0.9500 


C56 — H56 


0.9500 


C57 — C58 


1.403 (6) 


Z" 1 C "7 Tin 

C57 — H57 


0.9500 


/-if O Z~1 C A 

C58 — C59 


1 1 C A f/'\ 

1.354 (6) 


Z" 1 CO T Tf O 

C58 — H58 


0.9500 


C59 — C60 


1.412 (6) 


C59 — H59 


0.9500 


C60 — C61 


1.396 (5) 


C60 — C62 


1.421 (6) 


C61 — C65 


1.415 (5) 


C62 — C63 


1 A O /z~\ 

1.348 (6) 


/-i/"p< ii/-^ 

C62 — H62 


0.9500 


C63 — C64 


1.435 (6) 


C63 — H63 


A A C A A 

0.9500 


C64 — C65 


1 1 AA / C\ 

1.390 (5) 


C64 — C66 


1.396 (6) 


C66 — C67 


1.358 (6) 


C66 — Ho 6 


A A C A A 

0.9500 


C67 — C68 


1 1 AO /Z"\ 

1.393 (6) 


C67 — H67 


0.9500 


r i £• o Ti/-n 

C68 — H68 


0.9500 


N21 — C77 


1 11/1 Z/'X 

1.114 (6) 


C70 — N20 


1.123 (6) 


C70 — C69 


1 A AC\ / "7 \ 

1.440 (7) 


xt 1 a /i 

N19 — C74 


1.125 (8) 


/"< Z"A T TZ" A A 

C69 — H69A 


A AO AA 

0.9800 


C69 — H69B 


0.9800 


C69 — H69C 


A AOAA 
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